Background: Public acceptance and understanding of evolution is among the most investigated themes within studies of science and society. In the past decades, scientists and educators have explored acceptance and understanding of the Darwinian theories across a variety of publics, in order to identify possible causal explanations and barriers that make evolution so difficult to be grasped. Indeed, there are both socio-cultural and intuitive reasoning factors which have been widely investigated especially in the USA, a country that shows a widespread resistance. More recently data for Europe, Africa and the Middle East have been published, showing significant differences explained mainly by socio-cultural, religious and political factors. In this respect, the Italian society is still under-investigated. This paper presents and discusses the outcomes of a public survey performed during a Darwin Day celebration in Rome (Italy, February 2013). Methods: A written questionnaire was submitted to all the participants with the aim of testing attitudes and level of knowledge about evolution among an interested and informed public (N = 124).
Background
The importance of evolution as a unifying theory able to account for the unity and variability of all present and past living forms (Dobzhansky 1973 ) is nowadays unanimously accepted among scientists, and it is considered central to scientific literacy, providing for the basics to understand a wide range of topics from biology to medicine, psychology and even climate change (Evans et al. 2010) . However, general public attitudes, perceptions and acceptance of evolution lag behind, as shown in a series of international studies that highlight how evolution is indeed difficult to grasp, though with significant differences across nations and types of public (Clément and Quessada 2009; Coyne 2012; Miller et al. 2006; Mazur 2005) . This is calling for more concrete and targeted actions in order to measure the impact of science outreach, and design new teaching and communication strategies to bridge the gap between science and society. In this respect, surveys are a very important tool to identify lack of knowledge, misconceptions, and other possible causes of non acceptance of evolution, and can help disclose both intrinsic and socially induced difficulties in the understanding of the evolutionary theory.
Questionnaires, polls, interviews, and empirical observations on the learning progress have been performed across different kinds of public, in particular pre-college and college students, but also teachers, museum visitors, and the broad public. Of particular interest are those surveys that have focused on measuring acceptance of evolution and its correlation with other variables such as: (a) religious views Coyne 2012; Dagher and BouJaoude 1997; Evans 2001; Keranto 2001; McKeachie et al. 2002; Rice et al. 2011; Hokayem and BouJaoude 2008; Rutledge and Warden 1999; Wilson 2010) ; (b) paranormal beliefs (Eder et al. 2011; Keranto 2001; Losh and Nzekwe 2011) ; (c) level of knowledge of evolution facts and processes (Bishop and Anderson 1990; Cunningham and Wescott 2009; Demastes et al. 1996; Nehm and Schonfeld 2008) ; (d) understanding of the Nature of Science (Cunningham and Wescott 2009; Fairchild 2012; Lombrozo et al. 2008; Trani 2004) ; (e) perception of ethical impact of the Darwinian theory (Brem et al. 2003; Martin-Hansen 2008) ; (f ) logical thinking skills (Pigliucci 2007; Lawson and Weser 1990; Lawson and Worsnop 1992; Sinatra et al. 2003; Woods and Scharmann 2001) ; (g) exposure to education (LloydStrovas and Beral 2012; Paz-y-Miño and Espinosa 2009; Rice et al. 2011; Wiles and Alters 2011) .
The literature is particularly generous for what concerns the factors that contribute to antievolutionary views in individuals of different ages and cultural backgrounds in the United States (see for instance Allmon 2011; Blancke et al. 2012; Thagard and Findlay 2010) , where there is a particular public resistance to evolution (Gallup 2012) contrary to Europe (Miller et al. 2006; Clément et al. 2008 ). More data have been recently gathered also for the European countries (Angus Reid Public Opinion 2010; Athanasiou and Papadopoulou 2012; Carvalho et al. 2012; Ipsos Mori 2009; Southcott and Downie 2012; Williams 2009 ). In particular, a recent internet-based worldwide survey (Wilson 2010) has shown that Europe stands out for having the highest number of Christians accepting evolution (70% vs. 36.4% of non-European Christians). Possible explanations are associated to education systems, or to historical and cultural factors, and certainly to the influence of precise political directions such as those proclaimed by the Council of Europe against creationism and in favour of evolution as a fundamental scientific theory (Council of Europe 2007).
The Italian experience is overall less investigated. Whereas it is included in broader international surveys Miller et al. 2006) , it accounts only for a few targeted case studies that vary for goals, methods, and types of public (Berti et al. 2010; Falchetti 2012; Sperduti et al. 2010; Sperduti and Crivellaro 2013; Trevisan 2011; Valente et al. 2008) .
In this paper we present and discuss the results of a public survey completed during a Darwin Day celebration in Rome (henceforth Dday) on February 16, 2013, that consisted in a public conference of title "Evolution and Religion", organised by the Department of Philosophy of the University "Roma 3" and the National Museum of Prehistory and Ethnography "Luigi Pigorini". The venue attracted a broad public which, standing from what observed in other similar contexts (Evans et al. 2010; Spiegel et al. 2006) , is usually more prone to science in comparison with other publics, has higher education levels, and is receptive to education contents. Although isolated, the Dday sample is an exceptional sample for testing to what extent evolution is really accepted and understood in its Darwinian terms by such an attentive public, adding to the scant literature available at present about the Italian state of affairs. The ultimate goal is to contribute to assess how well evolution is being taught at school and disseminated in more informal contexts, in order to design better solutions and possible new directions to prevail over the innate causal factors that make evolution such a difficult subject to comprehend.
Methods

Survey design and sample composition
A written questionnaire was submitted to the public attending the Dday. It consisted of 8 assertions, each with three possibilities of answer (true, false, don't know). The complete list and relative answers are provided in Table 1 . These assertions involved different kinds of evolutionary issues, frequently reported as challenging in the literature (e.g. Bishop and Anderson 1990; Gregory 2009; Cunningham and Wescott 2009; Jensen and Finley 1996; Yates and Marek 2013; Wilson 2010) , namely: 1. general non-acceptance of evolution; 2. misunderstanding of basic notions of descent with modification and 
A8
The most recent scientific discoveries contradict evolution FALSE 79 12.1 8.9
DK: "don't know". natural selection; and 3. finalistic views and interpretations. The respondents were also asked to provide for some personal information (sex, age, occupation) which was kept minimal to allow donors with more time to focus on the questionnaire and to avoid ethical issues that would have required signed informed consents. No sensitive personal information was collected to protect the respondents' privacy, in accordance with the Italian laws 675/1996 and 196/2003 . No minors participated to the survey. Although no time limit was set, the respondents were asked to return the filled in questionnaire before the beginning of the conference, with most of the donors handing back their forms within 10 minutes. The questionnaires were folded as to keep text hidden, and collected in envelops to avoid possible attributions. A total of 124 respondents (61 females, 53 males, 10 NA) handed back their questionnaires. The youngest donor was 18, the oldest 81 (16 NA), with an average age of 45.3 years. People attending the Roman Dday were for almost a third (32.3%) from the school and university environment. Given that comparative case studies from the literature focus mainly on students and school teachers, the respondents' occupations were grouped under five categories: 'student' (N = 25); 'school teacher' (N = 15); 'other occupation' (N = 52); 'retired' (N = 13); 'NA' for unanswered cases (N = 19). For analytical purposes, the respondents' age was subdivided into categories of 15 years of interval for a total of 5 categories, namely '<=20' (N = 6); '21-35' (N = 33); '36-50' (N = 25); '51-65' (N = 28); '>65' (N = 16). Table 2 provides for a summary of the sample composition.
Data analysis
All data were analysed by descriptive statistics and by contingency tables for discrete traits. Probability values were scored for three levels of significance: p≦0.001 very highly significant, p≦0.01 highly significant, and p≦0.05 significant. The significance of the interaction between levels for continuous variables was tested by the Tukey's Honest Significant Difference test (Yandell 1997) . All the analyses were performed with the R package 2.15.0 (R Development Core Team 2012).
The specific issues tested here (see above) were explored by correlating pairs of assertions in the following way: evolution acceptance (pairing A1 and A8), understanding natural selection (A3 and A7), and rejection of the telistic view (A2 and A6). Three different codes were set to measure the respondents' performance, namely: 0 when both assertions were mistaken; 1 when one of the two assertions was correct; and 2 when both assertions were correct. Correlation matrices were run to explore covariance of the three evolutionary issues.
Results and discussion
The survey was addressed to the lay public attending a Darwin Day event, self selected for being particularly interested to the complex issue debated on that occasion, i.e. the relationship between evolution and religion. Therefore, it does not come as a surprise that the general performance of the respondents is moderately good, with half of the respondents making only one error, or none. Over 992 answers, 74% are correct, only 18% are wrong, and 8% unanswered (henceforth DK). Overall, 20.2% of the total answered correctly to all questions, with another 28.2% answering correctly to 7 of the 8 assertions. In total, 67.7% of the sample answered correctly to at least 6 assertions, whereas only less than a quarter (22.6%) answered correctly to less than 4 assertions. Nobody failed the questionnaire completely. Detailed figures for each assertion are provided in Table 1 .
Correctness is statistically significant when correlated with age and occupation, but not with sex. In particular, multiple comparisons of means (Tukey's test) give high statistical significance for the contrast between age categories 21-35 and >65 (p≦0.001), and between occupied and retired respondents (p≦0.05). Figure 1 illustrates correctness values per each subset, in both cases highlighting a contrastive median value of 4 correct answers for the age class >65.
The analysis of performance per single assertion shows different behaviours within the sample, ranging from 100% of correct answers for A4 (Evolution is still happening) -and hence excluded from the analysis, to a minimum of 41.6% of correct answers for A7 (Natural selection involves organisms striving to adapt). Whether this result highlights substantial differences in the level of acceptance of evolution versus a thorough understanding of its mechanisms will be discussed below.
Acceptance of evolution
General acceptance of evolution was evaluated through the answering pattern of the assertions: A1 (All living species are the result of evolutionary processes) and A8 (The most recent scientific discoveries contradict evolution). In our sample, degree of acceptance is quite high: 88.7% of the sample answered correctly to at least one question and 74.2% to both. Also, when asked about the evolutionary origin of human beings (A5), the Dday sample shows a high level of acceptance (85.5%). This result is not in contrast with what already observed in the cross-national survey by Miller et al. (2006) in which more than 66% of the Italian respondents deem true that "Human beings, as we know them, developed from earlier species of animals". The survey by Clément et al. (2008) also confirms that Italian teachers -especially those teaching biology -have a generally high level of acceptance of evolution, compared with colleagues from Europe, Africa and the Middle East. Other surveys focused on the Italian students (Berti et al. 2010; Sperduti et al. 2010; Sperduti and Crivellaro 2013; Trevisan 2011) further highlight how the teaching of evolution across all school levels (elementary, middle, and high) -as foreseen in the Italian curricula -would favour awareness and acceptance of the evolutionary theory.
Understanding evolution
A thorough comprehension of evolution implies the understanding of some key concepts of natural selection, e. g. individual and population variation, descent with modification, and differential survival fitness (Nehm and Schonfeld 2010; Pigliucci and Kaplan 2006; van Dijk and Reydon 2010) . Natural selection is often wrongly perceived in Lamarckian terms, where evolution implies individual efforts and modifications in order to adapt to changing environments (Banet and Ayuso 2003; Bishop and Anderson 1990; Bardapurkar 2008; Dagher and BouJaoude 1997; Evans 2000 Evans , 2001 Gregory 2009; Nehm and Reilly 2007; Shtulman 2006) . This misconception has already been addressed as one particularly resistant to instruction across different types of samples, including pre-college and college students, as well as teachers (Asghar et al. 2007; Bardapurkar 2008; Gregory 2009; Nehm and Reilly 2007; Rutledge and Warden 2000; Saul et al. 2002; Sperduti and Crivellaro 2013 ; but see also Nadelson and Sinatra 2009; Beggrow and Nehm 2012; Nehm and Ridgway 2011) . Even among those who accept evolution, misunderstanding occurs (Sinatra et al. 2003; Smith and Siegel 2004; Evans et al. 2012) . Also in our sample, where acceptance of evolution does not seem an issue, comprehension of the underlying mechanisms of natural selection is slightly more challenging. We tested this variable through the answering pattern of assertions A3 (Evolution is the gradual transformation of single individuals) and A7 (Natural selection involves organisms striving to adapt). Indeed, only 37.7% of the sample answered correctly to both questions, 38.7% to at least one, and 23.6% to none.
These results would confirm that even an interested public that accepts the Darwinian theory is, to some degrees, inclined to perceive evolution through the reading of "individual transformations" rather than variation at population level (Mayr 2001) . Indeed, assertion A7 proved to be the most challenging in our sample, with erroneous assessments registered across all age classesthough with a clear drop in performance for the oldest (chisq = 11.1; p≦0.05). This erroneous concept stems on strong intuitive beliefs, such as the teleological, essentialist and anthropocentric thinking (Coley and Tanner 2012; Opfer et al. 2012) , as well as the notion of intentionality or "agency" (Evans 2008; Kelemen and Rosset 2009). These cognitive construals lead to the idea that each organism has a willingness, as well as the capability, to change and adapt in order to survive in a particular environment (Werth 2012) , therefore adapting is perceived as a behavior directed towards a specific goal (Tomasello et al. 2005) .
The misconception of evolution as progress
Assertions A2 (Evolution results in progress) and A6 (Human beings are the final and best result of evolution) were intended to test the presence of cultural and intuitive views related to the misconception of evolution as a finalistic process, centred around an anthropocentric viewpoint. With the exclusion of the DK answers, 59.6% of the respondents answered correctly to both questions, 20.2% to at least one, and another 20.2% to none. The correlation with age classes gives similar results to what observed in the previous section (chisq = 15.7; p≦0.05).
It is often argued that people tend to consider all evolutionary changes as adaptive, progressive, and optimal, since it is cognitively hard avoiding the idea that evolutionary changes bring an inevitable progress (Ruse 1997; Carroll 2001 ). Furthermore, conceptually there is a tendency to link the idea of "new" with "improved", as well as to attribute values of low esteem ("lower", "less evolved") to species that are phylogenetically more distant to human beings (Werth 2012) . The idea of evolution as progress -culminating with the emergence of a "more evolved" species (Homo sapiens) -is wrongly reinforced by social images of distorted evolutionary trees and of linear progressions of hominin species, constantly provided in books, web-sites, commercials, cartoons, and (regrettably) museum exhibitions too. The very same images, carrying implicit erroneous values, are also frequently reported in school textbooks ) and do not help in the correct understanding of evolution at large.
Correlation between evolution acceptance and understanding
As stated before, a positive correlation between acceptance and understanding of evolution is not ubiquitous (Deniz et al. 2008; Brem et al. 2003; Cunningham and Wescott 2009; Meadows et al. 2000; Rutledge and Warden 2000; Sinatra et al. 2003; Smith and Siegel 2004; Southerland and Sinatra 2005; Valente et al. 2008) . In order to explore whether evolution acceptance implies a correct comprehension of the basic principles of evolution in the Dday sample, a pairwise correlation analysis was performed to detect possible associations between the three themes analysed above -1. evolution acceptance, 2. understanding natural selection, and 3. rejection of the telistic view (chisq = 286.22; p≦0.001). Indeed, there is a positive correlation between the answering patterns Table 3 Correlation between acceptance and understanding of evolution Pairwise correlation matrix between variables (evolution acceptance, understanding natural selection, and rejection of the telistic view), aimed at revealing different answering patterns across the Dday sample (N = 124). Table 3a shows three matrices derived from the correlation between 'evolution acceptance' and 'rejection of the telistic view' , tested for the actual 'understanding of natural selection'. Table 3b accounts for the pairwise correlation between 'understanding of natural selection' and 'rejection of the telistic view' , tested according to the level of 'evolution acceptance'. The two sets of tables highlight that whether a better comprehension of evolution implies evolution acceptance, the opposite is not true -with people accepting evolution not necessarily understanding its mechanisms. Read codes in bold: 0 = both assertions mistaken; 1 = one of the two assertions is correct; 2 = both assertions are correct.
of variable 2 and 3 (chisq = 35.3; p≦0.001) which shows that respondents misconceiving natural selection tend to have a telistic view of evolution as well -although the former seems to be more of an issue than the latter (39.1% vs. 60.9% of correct answers).
Our results show that of those who completely accept evolution (N = 92) only the 29.4% have a full comprehension, while another 35.9% are less comfortable in comprehending well either natural selection or the telistic misconception. Conversely, 34.8% have a fragmented understanding, variously mistaking the combination of pairs of answers as illustrated in Table 3 -and a third of them mistaking all four questions.
However, when analysing the pairwise correlation between variable 1 and 3, tested for different grades of comprehension of natural selection, we see that acceptance of evolution is almost universal (99%). This confirms that understanding evolution can be predictive of its acceptance, but not vice versa.
Conclusions
Public acceptance of evolution in Italy is still underinvestigated, and we are still far from having a clear and complete picture. However, the results of this survey provide with valuable information, especially if interpreted in a broader perspective that takes into account evidence from similar research in our country. The Dday sample shows that not all of those who accept evolution grasp it completely. Indeed, some of the respondents have a fragmented understanding that occurs as a blend of correct evolutionary concepts, intuitive misbeliefs, and naïve conceptions induced by common social representations.
The scenario emerging from the -though limitednumber of surveys in Italy seems to indicate that rejection of the evolutionary theory is not widespread, nor deeply rooted in the Italian society. This might be positively associated to an early exposure to the evolutionary theory since the elementary grades in the Italian school system -although at this stage evolution is taught only within the history curricula, as a series of facts and processes based on the fossil evidence. USA scholars are calling for similar educational strategies in their school system (e.g. Wagler 2010 Wagler , 2012 Williams 2009 ), claiming that it would highly prevent the build-up of preconceptions and mis-conceptions, so difficult to correct at later educational stages (Kampourakis and Zogza 2009; ). However, although the Italian school seems to be prone to an early encounter with the Darwinian theory, it is not providing for sufficiently effective tools to ensure a thorough and clear understanding of its facts and mechanisms. In this respect, a larger responsiveness of the scientific community would help find more effective ways to communicate evolution to both the school and the general public.
